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REFRESH MECHANISM IN DYNAMIC 
MEMORIES 

BACKGROUND OF THE INVENTION 

Dynamic random access memories (DRAMs) require 
periodic refresh operations to prevent loss of memory cell 
data due to cell leakage. In some conventional DRAMs, an 
auto-refresh operation is initiated upon receipt of a refresh 
command as de?ned by a speci?c combination of logic 
levels externally provided on each of the DRAM control 
pins, such the @, RAS, CAS, and W pins. In response to 
the refresh command, a refresh address is produced by an 
internal refresh address counter so as to select a Wordline in 
the memory array. The data in each memory cell along the 
selected roW is transferred to a corresponding bitline. The 
data on each bitline is ampli?ed by a corresponding sense 
ampli?er and re-Written in the same memory cell. The 
bitlines and sense ampli?ers are then automatically pre 
charged. The refresh address output from the internal refresh 
address counter is then updated to successively refresh 
subsequent roW addresses until all roWs of cells are 
refreshed. 

For some conventional DRAMs, refresh operation, as 
de?ned by the JEDEC standard, is to be performed in 4,096 
(4K) refresh cycles over a 64 mS period. The 64 mS period 
re?ects the data retention capability of the DRAM cell 
technology (i.e., the cell data need to be refreshed at least 
every 64 mS period to prevent loss of data). The 4K refresh 
cycles over 64 mS translates to 15.6 uS per refresh cycle. 

During each refresh cycle, a RAS operation is performed 
folloWed by a precharge operation as described above. In 
multi-bank DRAMs, the RAS-precharge sequence is simul 
taneously carried out in all banks. Alternatively, in a refresh 
cycle, a RAS-precharge sequence may be carried out in 
some of the banks While another type of operation (such as 
read or Write) is simultaneously carried out in the remaining 
banks. In either approach, poWer consumption is high since 
all banks are active simultaneously during each refresh 
cycle. Further, as the memory density increases, for the same 
4K cycles and 64 mS requirement, a greater number of 
Wordlines need to be simultaneously refreshed in each 
refresh cycle in order to refresh all roWs during the 64 mS 
period. This further exacerbates the poWer consumption 
problem. 

Given the stringent battery requirements of portable 
devices, and the increasing demand for higher density 
DRAMs for use in such portable devices, it is desirable to 
minimiZe the poWer consumption during refresh operations. 

BRIEF SUMMARY OF THE INVENTION 

In accordance With one embodiment of the present 
invention, a semiconductor memory includes ?rst and sec 
ond banks of memory cells con?gured such that in a refresh 
cycle no operation is performed in one of the ?rst and second 
banks While a content of each of a predesignated number of 
cells in the other one of the ?rst and second banks is being 
refreshed. 

In another embodiment, in tWo consecutive refresh cycles 
a content of each of an equal number of cells in each of the 
?rst and second banks are refreshed, and during one of the 
tWo refresh cycles no operation is performed in the ?rst 
bank, and during the other one of the tWo refresh cycles no 
operation is performed in the second bank. 

In another embodiment, in a predesignated number of 
refresh cycles each having a predesignated time period a 
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2 
content of each cell along all roWs of cells in each of the ?rst 
and second banks is refreshed, Wherein no operation is 
performed in one of the ?rst and second banks in each of the 
predesignated number of refresh cycles. 

In another embodiment, the memory further includes a 
refresh address generator coupled to provide an address to 
said other one of the ?rst and second banks for selecting the 
predesignated number of cells, and a bank-access block 
coupled to provide ?rst and second access signals to the ?rst 
and second banks. One of the ?rst and second access signals 
inhibits access to said one of the ?rst and second banks so 
that no operation is performed in said one of the ?rst and 
second banks during the refresh cycle, and the other one of 
the ?rst and second access signals enables access to said 
other one of the ?rst and second banks to refresh a content 
of each of the predesignated number of cells in the refresh 
cycle. 

In another embodiment, the memory further includes a 
bank-select logic con?gured to receive a refresh request 
signal on an input terminal and in response generate a bank 
select signal, the refresh-address generator being con?gured 
to receive the bank select signal and in response generate the 
address for selecting the predesignated number of cells, and 
the bank-access block being con?gured to receive the bank 
select signal and in response generate the ?rst and second 
bank access signals. In another embodiment, the bank select 
signal comprises a ?rst select signal being in a ?rst state 
When the ?rst bank is to remain non-operational in a refresh 
cycle, and a second select signal being in a ?rst state When 
the second bank is to remain non-operational in a refresh 
cycle. 

In another embodiment, the bank select logic includes a 
counter circuit con?gured to receive the refresh request 
signal and in response generate a count signal, and a decode 
circuit con?gured to receive the count signal and in response 
generate the ?rst and second select signals. 

In another embodiment, the refresh address generator 
includes a bank control block con?gured to receive the ?rst 
and second select signals and in response generate ?rst and 
second bank control signals, and a refresh roW address 
generator con?gured to receive the ?rst bank control signal 
and in response generate a ?rst address coupled to the ?rst 
bank for selecting a predesignated number of cells in the ?rst 
bank, and to receive the second bank control signal and in 
response generate a second address coupled to the second 
bank for selecting a predesignated number of cells in the 
second bank. 

In another embodiment, the refresh roW address generator 
includes a ?rst counter circuit con?gured to receive the ?rst 
block control signal and in response generate the ?rst 
address at its output, and a second counter circuit con?gured 
to receive the second block control signal and in response 
generate the second address at its output, Wherein in a 
refresh cycle, only one of the ?rst and second counter 
circuits updates its address output in response to the ?rst and 
second bank control signals. 

In accordance With another embodiment of the present 
invention, a method of operating a semiconductor memory 
having ?rst and second banks of memory cells includes: in 
a refresh cycle, refreshing a content of each of a predesig 
nated number of cells in one of the ?rst and second banks 
While no operation is performed in the other one of the ?rst 
and second banks. 

In another embodiment, the method further includes: in 
tWo consecutive refresh cycles, refreshing a content of each 
of an equal number of cells in each of the ?rst and second 
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banks, wherein during one of the tWo refresh cycles no 
operation is performed in the ?rst bank, and during the other 
one of the tWo refresh cycles no operation is performed in 
the second bank. 

In another embodiment, the method further includes: 
performing a predesignated number of refresh cycles each 
having a predesignated time period so that a content of each 
cell along all roWs of cells in each of the ?rst and second 
banks is refreshed, Wherein no operation is performed in one 
of the ?rst and second banks in each of the predesignated 
number of refresh cycles. 

In another embodiment Wherein the memory comprises a 
refresh address generator and a bank access block, the 
method further includes: the refresh address generator pro 
viding an address to said one of the ?rst and second banks 
for selecting the predesignated number of cells in the refresh 
cycle, and the bank access block providing ?rst and second 
access signals to the ?rst and second banks, one of the ?rst 
and second access signals inhibiting access to said other one 
of the ?rst and second banks so that no operation is per 
formed in said other one of the ?rst and second banks during 
the refresh cycle, and the other one of the ?rst and second 
access signals enabling access to said one of the ?rst and 
second banks to refresh a content of each of the predesig 
nated number of cells in the refresh cycle. 

In another embodiment Wherein the memory further 
includes a bank select logic, the method further includes: the 
bank select logic generating a bank select signal in response 
to a refresh request signal, the refresh-address generator 
generating the address for selecting the predesignated num 
ber of cells in response to the bank select signal, and the 
bank-access block generating the ?rst and second bank 
access signals in response to the bank select signal. 

In another embodiment, the bank select signal comprises 
a ?rst select signal being in a ?rst state When the ?rst bank 
is to remain non-operational in a refresh cycle, and a second 
select signal being in a ?rst state When the second bank is to 
remain non-operational in a refresh cycle. 

In another embodiment, the method further includes: the 
refresh-address generator generating a ?rst address in 
response to the ?rst select signal, and a second address in 
response to the second select signal, the ?rst address being 
coupled to the ?rst bank and the second address being 
coupled to the second bank. 

In another embodiment Wherein in the bank select logic 
comprises a counter circuit and a decode circuit the method 
further includes; the counter circuit generating a count signal 
in response to the refresh request signal, and the decode 
circuit generating the ?rst and second select signals in 
response to the count signal. 

In another embodiment Wherein the refresh address gen 
erator comprises a bank control block and a refresh roW 
address generator, the method further includes: the bank 
control block generating ?rst and second bank control 
signals in response to the ?rst and second select signals, and 
the refresh roW address generator generating a ?rst address 
in response to the ?rst bank control signal for selecting a 
predesignated number of cells in the ?rst bank, and a second 
address in response to the second bank control signal for 
selecting a predesignated number of cells in the second 
bank. 

In another embodiment Wherein the refresh roW address 
generator comprises ?rst and second counter circuits, the 
method further includes: generating the ?rst address in 
response to the ?rst block control signal, generating the 
second address in response to the second block control 
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4 
signal, and in a refresh cycle, updating only one of the ?rst 
and second addresses in response to the ?rst and second 
select signals. 
The folloWing detailed description and the accompanying 

draWings provide a better understanding of the nature and 
advantages of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a DRAM bank selection scheme in accor 
dance With an exemplary embodiment of the present inven 
tion; 

FIG. 2a shoWs a block diagram of a portion of a refresh 
circuit for implementing a refresh operation in accordance 
With one embodiment of the present invention; 

FIG. 2b shoWs a more detailed implementation of the 
block diagram of FIG. 2a in accordance With one embodi 
ment of the present invention; 

FIG. 3 shoWs a timing diagram used to illustrate the 
operation of the FIG. 2 block diagram; and 

FIG. 4 includes a block diagram and a table illustrating 
the bank and Wordline selection scheme in accordance With 
one embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

As DRAM technology advances, the charge retention 
capability of DRAM cells improve. In accordance With an 
embodiment of the present invention, poWer consumption 
during each refresh cycle is reduced by a technique that 
takes advantage of the improved charge retention capability 
of DRAM cells. In a multi-bank DRAM architecture, a 
loWer poWer consumption is obtained by keeping at least 
one of the banks idle (i.e., inactive) during each refresh 
cycle. For example, in a DRAM having four memory banks, 
by keeping one of the four banks idle during each refresh 
cycle, the poWer consumption in each refresh cycle is 
reduced by one quarter compared to conventional DRAMs. 
This of course requires that the total number of refresh 
cycles and the total refresh time be increased to, for 
example, 6K cycles over a 96 mS time period, in order to 
refresh every cell. 

FIG. 1 shoWs a DRAM bank selection scheme for a four 
bank DRAM architecture (not shoWn) in accordance With an 
exemplary embodiment of the present invention. Letter “X” 
indicates an idle bank and letter “O” indicates an activated 
bank. FIG. 1 shoWs a refresh request being asserted every 
15.6 uS. In response to each refresh request, at least one roW 
of cells in each of three of the four banks is refreshed. As 
indicated in FIG. 1, in response to the ?rst refresh request, 
one or more roWs of cells in each of banks B1, B2, B3 are 
simultaneously refreshed While bank 0 remains idle; and in 
response to the second refresh request, one or more roWs of 
cells in each of banks B0, B2, B3 are refreshed While Bank 
1 remains idle; and so on. The refresh requests are continued 
until all roWs of cells in all banks are refreshed. The order 
in Which banks are kept idle is illustrative, and other 
non-sequential order, e.g., interleaved, can also be imple 
mented. 
An exemplary embodiment of the present invention 

implementing the above refresh technique for a four bank 
DRAM architecture is shoWn in FIG. 2a. The operation of 
FIG. 2a Will be described With the aid of the timing diagram 
shoWn in FIG. 3. A bank-select-logic block 201 receives a 
refresh request (refireq) signal on an input terminal 231. In 
response to the refireq signal, logic block 201 generates a 
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pulse signal refiBi on one of its four output terminals 243, 
245, 247, 249. As shoWn in FIG. 3, in every four consecutive 
refresh cycles, four pulses are generated by logic block 201, 
one on each of its four output terminals. Logic block 201 
generates a refiB0 pulse signal on terminal 243 in the ?rst 
refresh cycle, a refiBl pulse signal on terminal 245 in the 
second refresh cycle, a refiB2 pulse signal on terminal 247 
in the third refresh cycle, and a refiB3 pulse on terminal 
249 in the fourth refresh cycle. 

The four signals refiB0 through refiB3 are coupled to 
a respective one of four input terminals of each of a 
refresh-roW-address-generator block 203 and a RAS pulse 
generator block 205. Block 203 also receives the refireq 
signal Which functions to enable block 203 during refresh 
operations, and disable block 203 in all other types of 
operations. In response to the refiB0 to refiB3 signals, 
block 203 generates roW address signals RAiB0, RAiBl, 
RAiB2, RAiB3 on respective output terminals 261, 263, 
265, 267. These refresh roW address signals are coupled to 
corresponding roW decoders (not shoWn) for selecting roWs 
in the corresponding banks B0, B1, B2, B3. 

In response to the refiB0 to refiB3 signals, m pulse 
generator block 205 generates RAS<0> to RAS<3> signals 
on respective output terminals 217, 219, 221, 223. The 
m<0> to RAS<3> signals are respectively coupled to 
corresponding banks B0 to B3 for initiating roW access 
operations in these banks. In one embodiment, block 205 
also receives the refireq signal for enabling block 205 to 
respond to signals refiB0 to refiB3 during refresh opera 
tions. 

In FIG. 3, at time to, a ?rst refresh cycle T1 is initiated by 
the refireq signal. In response to the refireq signal, bank 
select logic block 201 generates a refiB0 pulse While 
keeping refiBl, refiB2, and refiB3 signals loW. The 
refiB0 pulse signal inhibits the RAS pulse generator block 
205 from generating a RAS<0 > pulse, thus keeping bank B0 
idle. The loW level of refiB, refiB2, refiB3 signals alloW 
the RAS pulse generator block 205 to generate RAS<1>, 
m<2>, and RAS<3> pulses, thus initiating a roW access 
operation in each of banks B1, B2, B3. 

Refresh-roW-address-generator block 203, in response to 
the refireq signal, the refiB0 pulse signal, and the loW 
state of refiBl, refiB2, refiB3 signals, provides neW 
refresh roW addresses RAiBl, RAiB2, RAiB3 to banks 
B1, B2, B3 respectively, While keeping the refresh roW 
address RAiB0 unchanged from the previous refresh cycle. 
Accordingly, a neW roW is selected in each of banks B1, B2, 
B3, While in bank B0 the previously selected roW remains 
unchanged. Thus, during the refresh cycle T1, because a 
m pulse is generated only for banks B1, B2, B3, the cells 
along the neWly selected roW in each of these banks are 
refreshed, While bank B0 remains idle. 

In the second refresh cycle T2, in response to a neW 
refireq signal, the bank select logic blocks 201 generates a 
refiBl pulse signal While keeping refiB0 refiB2, and 
refiB3 signals loW. This inhibits the generation of a 
m<1> pulse thus keeping bank B1 idle, While a m<0> 
pulse, a RAS<2> pulse, and a RAS<3> pulse are generated, 
thus initiating a roW access operation in each of respective 
banks B0, B2, B3. Also, the refresh roW-address-generator 
block 203 provides neW refresh roW addresses RAiB0, 
RAiB2, RAiB3 to banks B1, B2, B3 respectively, While 
keeping the refresh roW address RAiBl unchanged. Thus, 
during the refresh cycle T2, because a RAS pulse is gener 
ated only for banks B0, B2, B3, the cells along the neWly 
selected roW in each of banks B0, B2, B3 are refreshed, 
While bank B0 remains idle. 
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6 
Additional refresh cycles are similarly performed until all 

roWs of all four banks are cycled through and refreshed. In 
one embodiment, each refresh cycle is 16 uS, and a total of 
6,144 (6K) refresh cycles are carried out to completely 
refresh every cell in the memory. Thus, in a 96 m5 period, 
all four banks are fully refreshed. This is made possible in 
part by the fact that the memory retention in current DRAM 
technologies has improved. In some current DRAM tech 
nologies the memory retention time is in the range of 
200—250 ms. 

FIG. 4 includes a block diagram and a table, and is 
provided to more clearly illustrate the bank selection scheme 
in accordance With one embodiment of the invention. In 
FIG. 4, a simpli?ed memory 400 having four banks B0 
(410), B1 (412), B2 (414), B3 (416) is shoWn. Each bank has 
4,096 (4K) roWs, and each roW is labeled as Wordline WLi. 
Accordingly, each bank is shoWn as having WLO through 
WL4,095 Wordlines. Banks B0, B1, B2, B3 respectively 
receive RAS<B0>, RAS<B1>, RAS<B2>, and m<B3> 
pulse signals from the m pulse generator block 205 (FIG. 
2a) on the respective terminals 418, 422, 426, and 430. 
Banks B0, B1, B2, B3 also respectively receive RAiB0, 
RAiBl, RAiB2, and RAiB3 signals from the refresh 
roW-address-generator block 203 (FIG. 2a) on the respective 
terminals 420, 424, 428, and 432. 
Along the far left column of the table directly beloW the 

four banks, 5K refresh cycles are symbolically listed starting 
With cycle T1 and ending With cycle T5,120. In each roW of 
the table the selected Wordline WLi and the state of the 
m<Bi> pulse for each of the four memory banks are 
indicated. The entries in each column correspond to the 
signal beloW Which they appear. The letter “X” indicates that 
the m<Bi> pulse signal to Which it corresponds is not 
generated, and thus the bank to Which it corresponds remains 
idle during the refresh cycle to Which it corresponds. The 
letter “O” indicates that the RAS<Bi> pulse signal to Which 
it corresponds is generated, and thus a roW access cycle is 
initiated in the bank to Which it corresponds during the 
refresh cycle to Which it corresponds. 

Each WLi entry in the table indicates the Wordline that is 
selected in the corresponding bank during the refresh cycle 
to Which it corresponds. Also, each WLi entry corresponds 
to the refresh roW address signal RAiBi under Which it 
appears (e.g., in cycle T3, WL1 is selected in bank B0 in 
response to refresh roW address signal RAiB0). 
As shoWn, in refresh cycle T1, m<Bi> pulse signal is 

generated for banks Bi, B2, B3, but not for bank B0. Thus, 
bank B0 remains idle during cycle T1 While a roW access 
operation is initiated in each of banks B1, B2, B3. Also, 
during cycle T1, all refresh address signals RAiBi are 
updated to select a neW roW in each bank eXcept the RAiB0 
signal for bank B0. Thus, in bank B0 the previously selected 
Wordline (i.e., WL4,095) remains unchanged, While in each 
of banks B1, B2, B3 a neW Wordline (i.e., WLO) is selected. 
Therefore, in cycle T1, the cells along Wordline WLO of each 
of banks B1, B2, B3 are refreshed While bank B0 remains 
idle. 

In refresh cycle T2, m<Bi> pulse signal is generated 
for banks B0, B2, B3, but not for bank B1. Thus, bank B1 
remains idle during cycle T2 While a roW access operation 
is initiated in banks B0, B2, B3. Also, during cycle T2, all 
refresh address signals RAiBi are updated to select a neW 
roW in each bank eXcept the RAiBl signal for bank B1. 
Thus, in bank B1 the previously selected Wordline (i.e., 
WLO) remains unchanged, While in each of banks B0, B2, 
B3 a neW Wordline is selected. Therefore, in cycle T2, the 
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cells along Wordline WLO in bank B0 and Wordline WL1 in 
each of banks B2, and B3 are refreshed While bank B1 
remains idle. 

In this manner, by the end of the fourth cycle T4, the cells 
along three Wordlines (WLO, WL1, WL2) in each of the four 
memory banks are refreshed, While one of fours banks is 
kept idle in each refresh cycle. Accordingly, as indicated in 
the table, a total of 5K refresh cycles is need to refresh the 
4K roWs of cells in each of the memory banks. 

The order in Which the banks are kept idle and the order 
in Which the Wordlines are selected are both shoWn to be 
sequential, hoWever the invention is not limited as such. 
Other orders, such as interleaved, may also be implemented 
by properly modifying the counter circuits, as is Well knoWn 
in the art. 

FIG. 2b shoWs a more detailed implementation of a 
portion of the block diagram of FIG. 2a in accordance With 
one embodiment of the present invention. The bank select 
logic block 201 of FIG. 2a is shoWn in FIG. 2b as including 
a counter-activate block 202, a 2-bit counter comprising 
blocks 204 and 206, and a decoder block 208. The refresh 
roW-address-generator block 203 of FIG. 2a is shoWn in 
FIG. 2b as including bank-control blocks 210, 212, 214, 216, 
and refresh-address-counter blocks 218, 220, 222, 224. A 
detailed implementation of the RAS pulse generator block 
205 of FIG. 2a is not provided in FIG. 2b since such 
implementation Would be obvious to one skilled in art in 
light of the operational description provided above. 
As shoWn in FIG. 2b, counter-activate block 202 receives 

a refireq signal on an input terminal 231. Signal refireq is 
generated by a command-decode block (not shoWn) in 
response to an externally provided auto-refresh command. 
An output terminal of counter-activate block 202 is coupled 
to an input terminal of a counter block 204 via terminal 233. 

TWo blocks 204 and 206 are coupled together to form a 
2-bit bank counter. Each of the blocks 204, 206 provides a 
pair of complementary output signals Q and Q. Block 204 
generates Q1 and m signals on terminals 235 and 237 
respectively, and block 206 generates Q2 and @ signals on 
terminals 239 and 241 respectively. Output terminal 237 
carrying the 6 signal is coupled to an input of block 206. 
Blocks 204, 206 operate to increment an output count Q1, 
Q2 in response to the CAP signal on terminal 233. Conven 
tional counter circuits can be used to implement the counter 
function performed by blocks 204, 206. 

Decoder block 208 receives and decodes Q1, m, Q2, and 
@ signals, and generates a pulse signal on one of its four 
output terminals 243, 245, 247, 249. Decoder block 208 
generates a pulse refiB0 (see FIG. 3) on terminal 243 When 
Q1, Q2 is in the 0,0 binary state; generates a pulse refiBl 
on terminal 245 When Q1, Q2 is in the 0,1 binary state; 
generates a pulse refiB2 on terminal 247 When Q1, Q2 is 
in the 1,0 binary state; and generates a pulse refiB3 on 
terminal 249 When Q1, Q2 is the 1,1 binary state. Conven 
tional decoding circuits can be used to implement this 
decoding function. The speci?c decoding of Q1 and Q2 
described above is merely illustrative, and other decoding 
schemes Well knoWn in the art are also possible. 

The refiB0 through refiB3 signals are respectively 
coupled to a ?rst input terminal of bank-control blocks 210, 
212, 214, 216. Each of the four bank-control blocks has a 
second input terminal coupled to receive the refireq signal 
on terminal 231. The refireq signal enables the bank 
control blocks during refresh operations, and disables them 
during non-refresh operations. Each of the bank-control 
blocks 210, 212, 214, 216 has a respective output terminal 
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251, 253, 255, 257 coupled to an input terminal of a 
respective refresh-address-counter 218, 220, 222, 224. The 
refresh-address-counter blocks in turn generate roW address 
signals RAiB0, RAiBl, RAiBZ, RAiB3 on output 
terminals 261, 263, 265, 267 respectively. The refresh roW 
address signals are coupled to corresponding roW decoders 
(not shoWn) for selecting roWs in the corresponding banks 
B0, B1, B2, B3. 
As described in connection With FIG. 2a, the refiB0 

through refiB3 signals generated by the decoder 208 are 
also coupled to a RAS pulse generation block (not shoWn in 
FIG. 2b) Which generates RAS pulses to initiate a roW access 
operation in one or more of the banks in accordance With the 
state of the refiB0 through refiB3 signals. 

In FIG. 3, at time t0, a ?rst refresh cycle T1 is initiated by 
the refireq signal. In response to the refireq signal, 
counter-activate block 202 generates a counter activate pulse 
CAP on terminal 233. In response to the CAP signal, the 
2-bit counter (blocks 204, 206) updates the Q1,Q2 count to 
0,0. This causes decoder 208 to generate a refiB0 pulse, and 
keep refiBl refiB2, and refiB3 signals loW. The refiB0 
pulse inhibits the generation of a RAS pulse for bank B0 
thus keeping bank B0 idle during the T1 refresh cycle. The 
loW level of refiBl, refiB2, refiB3 signals alloW a m 
pulse to be generated for each of banks B1, B2, B3, thus 
initiating a roW access operation in each of these banks 
during refresh cycle T1. 

Bank-control block 210, in response to the refiB0 pulse 
signal, inhibits the refresh-address-counter block 218 from 
updating the refresh roW address RAiB0. At the same time, 
the bank control blocks 212, 214, 216, in response to 
refiBl, refiB2 refiB3 signals, cause the refresh-address 
counter blocks 220, 22, 224 to update their refresh roW 
addresses RAiBl, RAiBZ, RAiB3. Accordingly, a neW 
roW is selected in each of banks B1, B2, B3, While in bank 
B0 the previously selected roW remains unchanged. Thus, 
during the refresh cycle T1, because a RAS pulse is gener 
ated only for banks B1, B2, B3, the cells along the neWly 
selected roW in each of banks B1, B2, B3 are refreshed, 
While bank B3 remains idle. 

In the second refresh cycle T2, the tWo-bit counter (blocks 
204, 206) updates the count Q1,Q2 at its outputs to 0,1 in 
response to the neW refireq signal. This causes decoder 208 
to generate a refiBl pulse signal While keeping refiB0, 
refiB2 and refiB3 signals loW. This inhibits the generation 
of a RAS pulse for bank B1 thus keeping bank B1 idle, While 
a RAS pulse is generated for each of banks B0, B2, B3 thus 
initiating a roW access operation in each of these banks. 
Accordingly, the refresh-address-counter blocks 218, 222, 
224 update their refresh roW addresses RAiBl, RAiBZ, 
RAiB3, While the refresh-address-counter block 220 keeps 
the refresh roW address RAiBl unchanged. Thus, during 
the refresh cycle T2, because a RAS pulse is generated only 
for banks B0, B2, B3, the cells along the neWly selected roW 
in each of banks B0, B2, B3 are refreshed, While bank B0 
remains idle. 
The present invention is not limited to completing a 

refresh operation Within 6K refresh cycles of 16 uS per 
cycle. The invention may be modi?ed to accommodate other 
designations of number of cycles and cycle times. 
Speci?cally, depending on the memory density, and the 
designated number of refresh cycles Within Which the 
refresh operation must be complete, the diagram of FIG. 2 
can be modi?ed, in light of the above description, to ensure 
that all roWs are refreshed by the end of the designated 
number of refresh cycles, While at least one bank is kept idle 
during each refresh cycle. 
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Although in some of the above examples, one roW of cells 
is refreshed in each refresh cycle, the invention is not limited 
as such. Depending on the total number of roWs in each bank 
and the designated total number of refresh cycles, more than 
one roW of cells may need to be refreshed in each refresh 
cycle to ensure that all roWs of cells are refreshed Within the 
designated total number of refresh cycles. 
As can be seen from the above examples, the poWer 

consumption during each refresh operation is reduced by 
one quarter by keeping one of the four banks idle during 
each refresh cycle. The poWer consumption can be further 
reduced by keeping tWo or more of the banks idle during 
each refresh cycle. HoWever, the maXimum number of banks 
Which can be kept idle in each refresh cycle is limited by the 
cell retention capability, and the designated total number of 
refresh cycles. 

In another embodiment of the four bank con?guration, 
While a refresh operation is being carried out in ?rst and 
second banks, a third bank is kept idle, and one of a read, 
Write, or precharge operation is carried out in a fourth bank. 
In this manner, the poWer advantages of having one bank 
idle is maintained While tWo distinct operations are per 
formed in parallel during each refresh cycle. 

Although a four bank DRAM con?guration is used to 
illustrate the different advantageous features of the present 
invention, other bank con?gurations can be implemented by 
one skilled in the art in light of the above description. For 
eXample, in an eight bank con?guration, the 2-bit counter 
blocks 204, 206 in FIG. 2 may be replaced With 3-bit counter 
blocks, With the decoder block 208 providing eight refiBi 
signals, one for each of the eight banks. Other blocks in FIG. 
2 can be similarly modi?ed to implement the function of 
keeping one or more of the eight banks idle during each 
refresh cycle. 

The above description is illustrative and not restrictive. 
The scope of the invention should, therefore, be determined 
not With reference to the above description, but instead With 
reference to the appended claims along With their full scope 
of equivalents. 
What is claimed is: 
1. A semiconductor memory comprising: 
?rst and second banks of memory cells con?gured such 

that in a refresh cycle no operation is performed in one 
of the ?rst and second banks While a content of each of 
a predesignated number of cells in the other one of the 
?rst and second banks is being refreshed; 

a refresh address generator coupled to provide an address 
to said other one of the ?rst and second banks for 
selecting the predesignated number of cells; and 

a bank-access block coupled to provide ?rst and second 
access signals to the ?rst and second banks, one of the 
?rst and second access signals inhibiting access to said 
one of the ?rst and second banks so that no operation 
is performed in said one of the ?rst and second banks 
during the refresh cycle, and the other one of the ?rst 
and second access signals enabling access to said other 
one of the ?rst and second banks to refresh a content of 
each of the predesignated number of cells in the refresh 
cycle. 

2. The memory of claim 1 Wherein in tWo consecutive 
refresh cycles a content of each of an equal number of cells 
in each of the ?rst and second banks are refreshed, and 
during one of the tWo refresh cycles no operation is per 
formed in the ?rst bank, and during the other one of the tWo 
refresh cycles no operation is performed in the second bank. 

3. The memory of claim 2 Wherein by the end of the tWo 
refresh cycles a content of each of an equal number of roWs 
of cells in each of the ?rst and second banks are refreshed. 
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4. The memory of claim 1 Wherein in a predesignated 

number of refresh cycles each having a predesignated time 
period a content of each cell along all roWs of cells in each 
of the ?rst and second banks is refreshed, Wherein no 
operation is performed in one of the ?rst and second banks 
in each of the predesignated number of refresh cycles. 

5. The memory of claim 1 Wherein the predesignated 
number of cells is one or more roWs of cells and the address 
is a roW address. 

6. The memory of claim 1 further comprising a bank 
select logic con?gured to receive a refresh request signal on 
an input terminal and in response generate a bank select 
signal, the refresh-address generator being con?gured to 
receive the bank select signal and in response generate the 
address for selecting the predesignated number of cells, and 
the bank-access block being con?gured to receive the bank 
select signal and in response generate the ?rst and second 
bank access signals. 

7. The memory of claim 6 Wherein the refresh address 
generator receives the refresh request signal for enabling the 
refresh address generator in a refresh operation. 

8. The memory of claim 6 Wherein the bank select signal 
comprises a ?rst select signal being in a ?rst state When the 
?rst bank is to remain non-operational in a refresh cycle, and 
a second select signal being in a ?rst state When the second 
bank is to remain non-operational in a refresh cycle. 

9. The memory of claim 8 Wherein the refresh-address 
generator receives the ?rst and second select signals and 
generates a ?rst address in response to the ?rst select signal 
and a second address in response to the second select signal, 
the ?rst address being coupled to the ?rst bank and the 
second address being coupled to the second bank. 

10. The memory of claim 9 Wherein in a refresh cycle, the 
?rst address remains unchanged if the ?rst select signal is in 
the ?rst state, but is updated if the ?rst select signal is in a 
second state, and the second address remains unchanged if 
the second select signal is in the ?rst state, but is updated if 
the second select signal is in a second state. 

11. The memory of claim 8 Wherein the bank access block 
receives the ?rst and second select signals and generates the 
?rst access signal in response to the ?rst select signal, and 
generates the second access signal in response to the second 
select signal, the ?rst access signal being coupled to the ?rst 
bank and the second access signal being coupled to the 
second bank. 

12. The memory of claim 11 Wherein the ?rst access 
signal inhibits access to the ?rst bank if the ?rst select signal 
is in the ?rst state, but initiates a roW access operation in the 
?rst bank to refresh a content of each of a predesignated 
number of cells if the ?rst select signal is in a second state, 
and the second access signal inhibits access to the second 
bank if the second select signal is in a ?rst state, but initiates 
a roW access operation in the second bank to refresh a 
content of each of a predesignated number of cells if the 
second select signal is in a second state. 

13. The memory of claim 8 Wherein the bank select logic 
comprises: 

a counter circuit con?gured to receive the refresh request 
signal and in response generate a count signal; and 

a decode circuit con?gured to receive the count signal and 
in response generate the ?rst and second select signals. 

14. The memory of claim 13 Wherein in response to each 
refresh request signal the counter circuit updates the count 
signal to a neW binary state, and in response to the count 
signal being in a ?rst binary state the decode circuit gener 
ating the ?rst select signal being in a ?rst state, and in 
response to the count signal being in a second binary state 
the decode circuit generating the second select signal being 
in a ?rst state. 
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15. The memory of claim 8 wherein the refresh address 
generator comprises: 

a bank control block con?gured to receive the ?rst and 
second select signals and in response generate ?rst and 
second bank control signals; and 

a refresh roW address generator con?gured to receive the 
?rst bank control signal and in response generate a ?rst 
address coupled to the ?rst bank for selecting a pre 
designated number of cells in the ?rst bank, and to 
receive the second bank control signal and in response 
generate a second address coupled to the second bank 
for selecting a predesignated number of cells in the 
second bank. 

16. The memory of claim 15 Wherein in a refresh cycle the 
refresh roW address generator updates only one of the ?rst 
and second addresses in response to the ?rst and second 
select signals. 

17. The memory of claim 15 Wherein the bank control 
block is coupled to receive the refresh request signal for 
enabling the refresh address generator in a refresh operation. 

18. The memory of claim 15 Wherein the refresh roW 
address generator comprises: 

a ?rst counter circuit con?gured to receive the ?rst block 
control signal and in response generate the ?rst address 
at its output; and 

a second counter circuit con?gured to receive the second 
block control signal and in response generate the sec 
ond address at its output, 

Wherein in a refresh cycle, only one of the ?rst and second 
counter circuits updates its address output in response 
to the ?rst and second bank control signals. 

19. The memory of claim 1 further comprising a third 
bank of memory cells Wherein during the refresh cycle one 
of a read operation, a Write operation, and a precharge 
operation is carried out in the third bank. 

20. The memory of claim 1 further comprising a third 
bank of memory cells Wherein in three consecutive refresh 
cycles a content of each of an equal number of cells in each 
of the ?rst, second, and third banks are refreshed, and during 
each of the three refresh cycles no operation is performed in 
at least one of the ?rst, second, and third banks. 

21. The memory of claim 1 Wherein the memory is a 
DRAM. 

22. The memory of claim 6 Wherein the refresh request 
signal is an auto-refresh signal generated in response to a 
refresh command externally provided to the memory in 
order to initiate a refresh cycle. 

23. The memory of claim 9 Wherein in a refresh cycle the 
refresh address generator updates one of the ?rst and second 
addresses and maintains the other one of the ?rst and second 
addresses same as in a previous refresh cycle. 

24. A semiconductor memory comprising: 
?rst and second banks of memory cells Wherein in a 

refresh cycle no operation is performed in one of the 
?rst and second banks While a content of each of a 
predesignated number of cells in the other one of the 
?rst and second banks is being refreshed; 

a bank-select logic coupled to receive a refresh request 
signal on an input terminal and in response generate a 
bank select signal; 

a refresh address generator coupled to receive the bank 
select signal and in response provide a ?rst address to 
the ?rst bank and a second address to the second bank, 
one of the ?rst and second addresses being the address 
of the predesignated number of cells; and 

a bank-access block coupled to receive the bank select 
signal and in response provide a ?rst access signal to 
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the ?rst bank and second access signal to the second 
bank, one of the ?rst and second access signals inhib 
iting access to said one of the ?rst and second banks so 
that no operation is performed in said one of the ?rst 
and second banks during the refresh cycle, and the 
other one of the ?rst and second access signals enabling 
access to said other one of the ?rst and second banks to 
refresh a content of each of the predesignated number 
of cells in the refresh cycle. 

25. The memory of claim 24 Wherein in a refresh cycle the 
refresh address generator updates one of the ?rst and second 
addresses and maintains the other one of the ?rst and second 
addresses same as in a previous refresh cycle. 

26. The memory of claim 24 Wherein the predesignated 
number of cells is one or more roWs of cells, and the ?rst and 
second addresses are roW addresses. 

27. The memory of claim 24 Wherein in tWo consecutive 
refresh cycles a content of each of an equal number of cells 
in each of the ?rst and second banks are refreshed, and 
during one of the tWo refresh cycles no operation is per 
formed in the ?rst bank, and during the other one of the tWo 
refresh cycles no operation is performed in the second bank. 

28. The memory of claim 27 Wherein by the end of the 
tWo refresh cycles a content of each of an equal number of 
roWs of cells in each of the ?rst and second banks are 
refreshed. 

29. The memory of claim 27 Wherein in a predesignated 
number of refresh cycles each having a predesignated time 
period a content of each cell along all roWs of cells in each 
of the ?rst and second banks is refreshed, Wherein no 
operation is performed in one of the ?rst and second banks 
in each of the predesignated number of refresh cycles. 

30. The memory of claim 24 Wherein the refresh address 
generator is coupled to receive the refresh request signal, 
and generate each of the ?rst address and the second address 
in response to both the refresh request signal and the bank 
select signal. 

31. The memory of claim 24 Wherein the bank select 
signal comprises a ?rst select signal being in a ?rst state 
When the ?rst bank is to remain non-operational in a refresh 
cycle, and a second select signal being in a ?rst state When 
the second bank is to remain non-operational in a refresh 
cycle. 

32. The memory of claim 31 Wherein the refresh address 
generator receives the ?rst and second select signals and 
generates the ?rst address in response to the ?rst select 
signal, and generates the second address in response to the 
second select signal, Wherein in a refresh cycle, the ?rst 
address remains unchanged if the ?rst select signal is in the 
?rst state, but is updated if the ?rst select signal is in a 
second state, and the second address remains unchanged if 
the second select signal is in the ?rst state, but is updated if 
the second select signal is in a second state. 

33. The memory of claim 31 Wherein the bank access 
block receives the ?rst and second select signals and gen 
erates the ?rst access signal in response to the ?rst select 
signal, and generates the second access signal in response to 
the second select signal, Wherein the ?rst access signal 
inhibits access to the ?rst bank if the ?rst select signal is in 
the ?rst state, but initiates a roW access operation in the ?rst 
bank to refresh a content of each of a predesignated number 
of cells if the ?rst select signal is in a second state, and the 
second access signal inhibits access to the second bank if the 
second select signal is in the ?rst state, but initiates a roW 
access operation in the second bank to refresh a content of 
each of a predesignated number of cells if the second select 
signal is in a second state. 
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34. The memory of claim 31 wherein the bank select logic 
comprises: 

a counter circuit con?gured to receive the refresh request 
signal and in response generate a count signal; and 

a decode circuit con?gured to receive the count signal and 
in response generate the ?rst and second select signals. 

35. The memory of claim 34 Wherein in response to each 
refresh request signal the counter circuit updates the count 
signal to a neW binary state, and in response to the count 
signal being in a ?rst binary state the decode circuit gener 
ates the ?rst select signal being in a ?rst state, and in 
response to the count signal being in a second binary state 
the decode circuit generates the second select signal being in 
a ?rst state. 

36. The memory of claim 34 Wherein the refresh address 
generator comprises: 

a bank control block con?gured to receive the ?rst and 
second select signals and the refresh request signal, and 
provide a ?rst bank control signal in response to both 
the ?rst select signal and the refresh request signal, and 
provide a second bank control signal in response to 
both the second select signal and the refresh request; 
and 

a refresh roW address generator con?gured to receive the 
?rst bank control signal and in response generate the 
?rst address coupled to the ?rst bank, and to receive the 
second bank control signal and in response generate the 
second address coupled to the second bank. 

37. The memory of claim 36 Wherein in a refresh cycle the 
refresh roW address generator updates only one of the ?rst 
and second addresses in response to the ?rst and second 
select signals. 

38. The memory of claim 36 Wherein the refresh roW 
address generator comprises: 

?rst counter circuit con?gured to receive the ?rst bank 
control signal and in response generate the ?rst address; 
and 

a second counter circuit con?gured to receive the second 
bank control signal and in response generate the second 
address, 

Wherein in a refresh cycle, only one of the ?rst and second 
counter circuits updates its address output in response 
to the ?rst and second bank control signals. 

39. The memory of claim 24 further comprising a third 
bank of memory cells Wherein during the refresh cycle one 
of a read operation, a Write operation, and a precharge 
operation is carried out in the third bank. 

40. The memory of claim 24 further comprising a third 
bank Wherein in three consecutive refresh cycles a content of 
each of an equal number of cells in each of the ?rst, second, 
and third banks are refreshed, and during each of the three 
refresh cycles no operation is performed in at least one of the 
?rst, second, and third banks. 

41. The memory of claim 24 Wherein the memory is a 
DRAM. 

42. The memory of claim 24 Wherein the refresh request 
signal is an auto-refresh signal generated in response to a 
refresh command externally provided to the memory in 
order to initiate a refresh cycle. 

43. A method of operating a semiconductor memory 
having ?rst and second banks of memory cells, a refresh 
address generator, and a bank access block, the method 
comprising: 

in a refresh cycle, refreshing a content of each of a 
predesignated number of cells in one of the ?rst and 
second banks While no operation is performed in the 
other one of the ?rst and second banks; 

14 
the refresh address generator providing an address to said 

one of the ?rst and second banks for selecting the 
predesignated number of cells in the refresh cycle; and 

the bank access block providing ?rst and second access 
5 signals to the ?rst and second banks, one of the ?rst and 

second access signals inhibiting access to said other 
one of the ?rst and second banks so that no operation 
is performed in said other one of the ?rst and second 
banks during the refresh cycle, and the other one of the 
?rst and second access signals enabling access to said 
one of the ?rst and second banks to refresh a content of 
each of the predesignated number of cells in the refresh 
cycle. 

44. The method of claim 43 further comprising: 
in tWo consecutive refresh cycles, refreshing a content of 

each of an equal number of cells in each of the ?rst and 
second banks, Wherein during one of the tWo refresh 
cycles no operation is performed in the ?rst bank, and 
during the other one of the tWo refresh cycles no 
operation is performed in the second bank. 

45. The method of claim 44 Wherein by the end of the tWo 
refresh cycles a content of each of an equal number of roWs 
of cells in each of the ?rst and second banks are refreshed. 

46. The method of claim 43 further comprising: 
performing a predesignated number of refresh cycles each 

having a predesignated time period so that a content of 
each cell along all roWs of cells in each of the ?rst and 
second banks is refreshed, Wherein no operation is 
performed in one of the ?rst and second banks in each 
of the predesignated number of refresh cycles. 

47. The method of claim 43 Wherein the predesignated 
number of cells is one or more roWs of cells. 

48. The method of claim 43 Wherein the memory further 
includes a bank select logic, the method further comprising: 

the bank select logic generating a bank select signal in 
response to a refresh request signal; 

the refresh-address generator generating the address for 
selecting the predesignated number of cells in response 
to the bank select signal; and 
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the bank-access block generating the ?rst and second 

bank access signals in response to the bank select 
signal. 

49. The method of claim 48 further comprising enabling 
45 the refresh address generator in response to the refresh 

request signal. 
50. The method of claim 48 Wherein the bank select signal 

comprises a ?rst select signal being in a ?rst state When the 
?rst bank is to remain non-operational in a refresh cycle, and 
a second select signal being in a ?rst state When the second 
bank is to remain non-operational in a refresh cycle. 

51. The method of claim 50 further comprising: 
the refresh-address generator generating a ?rst address in 

response to the ?rst select signal, and a second address 
in response to the second select signal, the ?rst address 
being coupled to the ?rst bank and the second address 
being coupled to the second bank. 

52. The method of claim 51 Wherein in a refresh cycle, the 
?rst address remains unchanged if the ?rst select signal is in 
the ?rst state, but is updated if the ?rst select signal is in a 
second state, and the second address remains unchanged if 
the second select signal is in the ?rst state, but is updated if 
the second select signal is in a second state. 

53. The method of claim 50 further comprising: 
the bank access block generating the ?rst access signal in 

response to the ?rst select signal, and the second access 
signal in response to the second select signal, the ?rst 
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access signal being coupled to the ?rst bank and the 
second access signal being coupled to the second bank. 

54. The method of claim 53 further comprising: 
the ?rst access signal inhibiting access to the ?rst bank if 

the ?rst select signal is in the ?rst state, and initiating 
a roW access operation in the ?rst bank to refresh a 
content of each of a predesignated number of cells if the 
?rst select signal is in a second state; and 

the second access signal inhibiting access to the second 
bank if the second select signal is in the ?rst state, and 
initiating a roW access operation in the second bank to 
refresh a content of each of a predesignated number of 
cells if the second select signal is in a second state. 

55. The method of claim 50 Wherein the bank select logic 
comprises a counter circuit and a decode circuit, the method 
further comprising: 

the counter circuit generating a count signal in response to 
the refresh request signal; and 

the decode circuit generating the ?rst and second select 
signals in response to the count signal. 

56. The method of claim 55 further comprising: 
the counter circuit updating the count signal to a neW 

binary state in response to each refresh request signal; 
and 

the decode circuit generating the ?rst select signal being 
in a ?rst state in response to the count signal being in 
a ?rst binary state, and generating the second select 
signal being in a ?rst state in response to the count 
signal being in a second binary state. 

57. The method of claim 50 Wherein the refresh address 
generator comprises a bank control block and a refresh roW 
address generator, the method further comprising: 

the bank control block generating ?rst and second bank 
control signals in response to the ?rst and second select 
signals; and 

the refresh roW address generator generating a ?rst 
address in response to the ?rst bank control signal for 
selecting a predesignated number of cells in the ?rst 
bank, and a second address in response to the second 
bank control signal for selecting a predesignated num 
ber of cells in the second bank. 

58. The method of claim 57 further comprising: 
updating only one of the ?rst and second addresses in 

response to the ?rst and second select signals in a 
refresh cycle. 
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59. The method of claim 57 further comprising: 

enabling the refresh roW address generator in response to 
the refresh request signal being received in a refresh 
cycle. 

60. The method of claim 57 Wherein the refresh roW 
address generator comprises ?rst and second counter 
circuits, the method further comprising: 

generating the ?rst address in response to the ?rst block 
control signal; 

generating the second address in response to the second 
block control signal; and 

in a refresh cycle, updating only one of the ?rst and 
second addresses in response to the ?rst and second 
select signals. 

61. The method of claim 43 Wherein the memory further 
comprises a third bank of memory cells, the method further 
comprising: 

20 during the refresh cycle, performing one of a read 
operation, a Write operation, and a precharge operation 
in the third bank. 

62. The method of claim 43 Wherein the memory further 
comprises a third bank of memory cells, the method further 

25 comprising: 

in three consecutive refresh cycles, refreshing a content of 
each of an equal number of cells in each of the ?rst, 
second, and third banks, Wherein during each of the 
three refresh cycles no operation is performed in at 
least one of the ?rst, second, and third banks. 

63. The method of claim 43 Wherein the memory is a 
DRAM. 

64. The method of claim 43 Wherein the address is a roW 
address. 

65. The method of claim 48 Wherein the refresh request 
signal is an auto-refresh signal, the method further compris 
mg: 
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generating the refresh request signal in response to a 
refresh command externally provided to the memory to 
initiate a refresh cycle. 

66. The memory of claim 51 further comprising: 
in a refresh cycle, updating one of the ?rst and second 

addresses and maintaining the other one of the ?rst and 
45 second addresses same as in a previous refresh cycle. 

* * * * * 


